The genus Cycas is reviewed for The Philippines. Ten species are enumerated, with five described as new (Cycas saxatilis, C. aenigma, C. vespertilio, C. nitida and C. lacrimans). C. wadei, C. curranii and C. saxatilis are placed in the new Section Wadeae. Lectotypes are chosen for Cycas circinalis subsp. riuminiana var. curranii forma graminea J.Schust. and Cycas circinalis subsp. riuminiana var. curranii forma maritima J.Schust. The species are placed within an infrageneric classification previously outlined. Distribution of all taxa is mapped, conservation status is discussed and a key to species provided. Previous recordings of C. circinalis and C. rumphii from The Philippines are discussed.
Introduction
The genus Cycas is the single constituent genus of the family Cycadaceae, itself the basal lineage of the living cycads (Stevenson, 1992) . It is also the sole living cycad group occurring in Asia. The only known fossil evidence for this genus is from the Eocene of China and Japan, and this, together with the occurrence of all major lineages in the genus in mainland Asia, supports a long-term presence and probable origin of this genus in that region (Hill 1995) . Cycas consists of about 100 species, chiefly IndoChinese (about 40 species) and Australian (27 species). The genus also occurs in the Malesian region, Japan and India, extending to Micronesia and Polynesia, Madagascar and East Africa. Plants are commonly understorey shrubs in forest, woodland or savanna habitats. Ten species are known in The Philippines.
The cycad flora of The Philippines is relatively sparse in comparison to Indochina and northern Australia, both of which show extensive local radiations. The Philippines is however notable for the occurrence of the endemic relictual section Wadeae, which shows links to Mainland Asian groups and has probably been separated by crustal rifting in the early Tertiary.
The present work is the outcome of our separate and combined studies, with a total of three field trips during the period 2000-2007. Herbarium collections held by A, B, BM, BO, E, K, G, L, LAE, LBC, NY, P and SING have been examined by at least one author. Authorship of new taxa is as stated in species descriptions. Terminology is as in previous papers in this series (e.g. Hill 1994) , as are generic and specific concepts followed. Table 1 . Conservation status of cycad species in The Philippines. Lindstrom, Hill and Stanberg The account by de Laubenfels and Adema (1998) records four species from the Philippines, C. silvestris, C. wadei, C. edentata and C. riuminiana. C. chamberlainii is included in the synonymy of C. riuminiana, and their interpretation of C. silvestris (here regarded as an Australian endemic) includes material treated below under C. curranii, C. riuminiana and C. edentata. Only the name C. wadei is wholly correctly applied by these authors.
Madulid and Agoo described the endemic C. zambalensis in 2005.
Taxonomic treatmant CYCAS L., Sp. Pl.: 1188 (1753 .
Lectotype: C. circinalis L.; designated by Stevenson in Jarvis et al. (1993) .
Dioecious palm-like shrubs with aerial or subterranean, pachycaul, cylindrical stems clad with persistent frond-bases. Fronds loosely pubescent when young, pinnate, spirally arranged, produced in seasonal growth flushes interspersed with cataphylls, lower pinnae often reduced to spines. Longitudinal ptyxis erect or rarely reflexed, horizontal ptyxis circinate. Pinnae with a single thick midrib and no lateral veins; stomata confined to abaxial surface in most species; individual ptyxis involute. Trichomes microscopically transparent, branched or simple. Leaves with vascular traces girdling stems, girdling traces not present in cataphylls or megasporophlls. Microsporophylls aggregated into determinate cones and bearing numerous microsporangia (pollen-sacs) on abaxial surfaces, with a simple sterile apex, which is often produced into an upturned spine; microsporangia opening by slits; pollen cymbiform, monosulcate. Megasporophylls spirally arranged in an indeterminate terminal rosette with the central axis continuing vegetative growth. Ovules two to many (rarely one), marginally inserted on the stipe and directed obliquely outwards ('ascending'); sporophyll apically dilated into a pinnatifid, pectinate, toothed or entire lamina. Seeds with a yellow, orange or brown fleshy outer sarcotesta, and with or without spongy tissue beneath the inner woody sclerotesta. Endosperm haploid, derived from the female gametophyte. Embryo straight; with 2 cotyledons that are usually united at the tips and a very long, spirally twisted suspensor; seeds platyspermic; germination cryptocotylar.
Six sections are now recognised; four in Hill (1995) , an additional one in Hill (2008) and another one in this paper. There has been disagreement on subgeneric division (Wang 1996 , de Laubenfels 1998 and, in the light of improved understanding of the genus, none of the proposed systems would appear entirely adequate (Hill 1998 , 2004a , Hill 2004b . Two clear groups, regarded below as sections, occur naturally in The Philippines, and a third is represented by one widely cultivated species. Literature: Foxworthy (1911, as C. sp. aff. cairnsiana and C. sp. (Culion) ), Merrill (1923, as C. cairnsiana) , Dehgan and Yuen (1983) , Zamora and Co (1986) , Amoroso (1986) .
Key to sections
Illustrations : Merrill (1936) , Amoroso (1986) .
Etymology: honouring US-born medical doctor working in the Philippines Dr H.W. Wade, the person who brought this species to the attention of its author.
Vernacular: Tagalog-bayit (pref. to bait, vait), oliva (plant, pref. to oliba, uliba, uliva), pitógo (seed, pref. to bitogo, patubo, pitugo, potago) (Amoroso 1986 , Bonta & Osborne 2007 . Distinguishing features: readily distinguished by the combination of the symmetrically ribbed sclerotesta and the narrow leaflets. C. curranii shares the ribbed sclerotesta, although seeds of the latter are twice as large as those of C. wadei. C. curranii also has leaflets that are about twice as broad. C. saxatilis also has wider leaflets and less keeled leaves.
Distribution and habitat: known only from Culion Island (Fig. 1) , on low hills inland from Halsey Harbour on the west of the island. It occurs in a large open area of Imperata grassland locally known as the 'cogonal grande' or 'patag grande' . This is a seasonally dry area that suffers frequent grassfires, and the narrow leaflets would appear to be a parallel adaptation to seasonally xeric conditions similar to that seen in Australia (C. cairnsiana, C. calcicola) and India (C. beddomei).
Conservation status: although restricted, the population numbers in excess of 5000 plants, exhibits no signs of decline, and shows active recruitment with all age classes well represented. However, the land is apparently privately owned and not secure in any way. Although at present not threatened, any change in land use could seriously affect the conservation status of this species. Ver 3.1:IUCN (2001) status is DD (Donaldson 2003) . Recommended status would be NT. Stems arborescent, to 1-8 m tall, 14-25 cm diam. at narrowest point; growing in soil or humus; base not strongly swollen; bark thick and corky; 30-120 leaves in crown.
Leaves deep green or grey-green, highly glossy to semiglossy, 180-260 cm long, slightly keeled or flat (not keeled) in section, opposing leaflets inserted at 150-180° on rachis), with 150-360 leaflets, with white or orange tomentum shedding as leaf expands; rachis usually terminated by paired leaflets; petiole 35-55 cm long (15-30% of total leaf), glabrous, spinescent for 70-100% of length; basal leaflets not gradually reducing to spines, 90-230 mm long. Median leaflets simple, strongly discolorous, 210-310 mm long, 10-14 mm wide, inserted at 40-80° to rachis, narrowed to 2.5-3 mm at base (to 15-30% of maximum width), 10-16 mm apart on rachis; section flat; margins flat, not undulate; apex acute, not spinescent; midrib raised above, flat below, narrow. Cataphylls narrowly triangular, soft, pilose, 100-130 mm long. Pollen cones fusiform, green or cream; microsporophyll lamina soft, not dorsiventrally thickened; raised; apical spine absent or rudimentary, deflexed. Seed cones closed at pollination, closed at seed set. Megasporophylls c. 21 cm long, grey-tomentose, tomentum shedding; ovules 2-6, glabrous; lamina orbicular, c. 100 mm long, c. 70 mm wide, deeply pectinate, with c. 32 soft lateral spines c. 20 mm long, c. 5 mm wide; apical spine distinct from lateral spines, c. 15 mm long, c. 17 mm wide at base. Seeds subglobose to ovoid, c. 48 mm long, c. 40 mm wide; sarcotesta yellow, not pruinose, fibrous layer absent; sclerotesta longitudinally ribbed; spongy endotesta absent.
Historical notes: the first record of a distinctive cycad from Palawan was by American Botanist Merrill, who recorded a distinctive species without a name from Palawan, collected by Curran in 1906 (in Foxworthy 1911 , Merrill 1923 . German botanist Julius Schuster devised the above quadrinomial based on the same specimen (1932).
This in no way reflects the relationships and affinities of C. curranii, and this taxon was generally ignored subsequently until raised to species rank in 1995 by Hill. Zamora and Co (1986) listed plants from Palawan as C. wadei, a closely related species. De Laubenfels and Adema (1998) included material of C. curranii with quite unrelated material in a confused circumscription of C. silvestris (here regarded as an Australian endemic).
Large quantities of large seeds from the wild were distributed in the early 1990's, and plants from these are now abundant in cultivation.
Distinguishing features: readily distinguished by the combination of the symmetrically ribbed sclerotesta and the broad leaflets. Only C. wadei shares the ribbed sclerotesta, although seeds are half as large as those of C. curranii, and leaflets are narrower.
Distribution and habitat: known only from Palawan Island, apparently an ultramafic endemic, mostly on steep slopes on ultramafics, occasionally on alluvial outwash from ultramafic hills. This species occurs as an understorey plant in rich mixed closed forests, and has been recorded from Puerto Princessa, Aborlan and Narra municipalities ( Fig. 1) . Etymology: from the Latin saxatilis, dwelling among rocks, in reference to the soil-free cliff-face habitat.
Stems arborescent, to 0.5-4 m tall, 20-25 cm diam. at narrowest point,; growing on bare vertical cliffs; base not strongly swollen; bark thin and smooth. Leaves bright green, highly glossy, 160-190 cm long, slightly keeled or flat in section (opposing leaflets inserted at c. 150°-180° on rachis), with 170-380 leaflets, tomentum shedding as leaf expands; rachis consistently terminated by paired leaflets; petiole 40-60 cm long (25-35% of total leaf), glabrous, spinescent for 50-90% of length; basal leaflets not gradually reducing to spines, 150-230 mm long. Median leaflets simple, strongly discolorous, 220-340 mm long, 9-12 mm wide, inserted at 50-75° to rachis, decurrent for 3-5 mm, narrowed to 2.5-3 mm at base (to 20-25% of maximum width), 10-17 mm apart on rachis; section flat; margins flat, or slightly recurved, not undulate; apex acute, not spinescent; midrib raised above, raised below, narrow. Pollen cones ovoid, cream or green, c. 49 cm long, c. 5 cm diam; microsporophyll lamina soft, not dorsiventrally thickened; level; apical spine rudimentary, upturned. Megasporophyll and seeds not seen. Fig. 2 .
Distinguishing features: it distinguished from all other species in the region by the limestone cliff habitat, the narrow pollen cones with no apical spines on microsporophylls. .
The type specimen consist of leaves and a male cone which most closely matches C. curranii. C. curranii is tall growing and erect on serpentine soil in rainforest. however the plants that were observed growing at St Pauls Bay are pendulous on limestone cliffs in exposed places and this field observation has lead to the conclusion that they are two different taxa, even though complete material of C. saxatilis (i.e. female cones and seeds) have not been seen.
Distribution and habitat: known only from limestone outcrops of the St Pauls
Mountain massif on Palawan (Fig. 1 ). This species grows in crevices in vertical limestone cliffs with no soil. Etymology: from the Latin aenigma, to speak darkly, the root of the Engish word enigma, a thing which cannot be satisfactorily explained; a puzzle; a reference to our knowledge of this particularly distinctive species only as a cultivated plant.
Stems arborescent, to 0.5-4 m tall, 20-25 cm diam. at narrowest point; growing in soil; base not strongly swollen; bark thin and smooth. Leaves bright green, highly glossy, 200-290 cm long, flat (not keeled) in section (opposing leaflets inserted at 180° on rachis), with 300-380 leaflets, tomentum shedding as leaf expands; rachis consistently terminated by paired leaflets; petiole 40-60 cm long (15-20% of total leaf), glabrous, spinescent for 90-100% of length; basal leaflets not gradually reducing to spines, 220-230 mm long. Median leaflets simple, strongly discolorous, 300-340 mm long, 10-13 mm wide, inserted at 60-75° to rachis, decurrent for 3-5 mm, narrowed to 2.5-3 mm at base (to 20-30% of maximum width), 10-12 mm apart on rachis; section flat; margins flat or slightly recurved, not undulate; apex acute, not spinescent; midrib raised above, raised below, narrow. Distinguishing features: it is distinguished from all other species in the region by the robust pollen cones with stout, spreading apical spines on microsporophylls and the open seed cones with long megasporophylls and very long attenuate megasporophyll apices with long slender lateral spines. The stout, spreading spines resemble those seen in C. circinalis and allies from peninsular India and C. pranburiensis from Thailand, but none of these species show the green colour in the male cone or the long-attenuate megasporophyll. It is however, grouped with these species in subsection Cycas on the basis of the shared microsporophyll character. (Merrill 1923 , Zamora & Co 1986 , Amoroso 1986 , Bonta & Osborne 2007 .
Stems arborescent, to 8 m tall, 5-10 cm diam. at narrowest point. Leaves bright green, highly glossy or semiglossy, 100-190 cm long, flat (not keeled) in section (opposing pinnae inserted at 180° on rachis), with 120-240 leaflets, tomentum shedding as leaf expands; petiole 25-55 cm long (20-35% of total leaf), glabrous, spinescent for 10-100% of length; basal leaflets not gradually reducing to spines, 150-170 mm long. Median leaflets simple, weakly discolorous, 210-310 mm long, 7.5-13 mm wide, inserted at 45° to rachis, decurrent for 6 mm, narrowed to 2-5 mm at base (20-45% of maximum width), 9-18 mm apart on rachis; section flat; margins slightly recurved; Zamora and Co (1986) and Amoroso (1986) ; this taxon was treated as C. circinalis in both publications.
This species was then described as C. chamberlainii in 1925 by William H. Brown, Director of the Philippine Bureau of Science, and Raymond Kienholz, Professor of Botany at the University of the Philippines, who also collected the type specimens. The authors noted that 'it has been known for some time that ... there was a slender mountain form with small seeds which was possibly, or probably, a distinct species' , after Merrill (1923) . They made no reference to C. riuminiana, and may have been unaware of this name. Schuster (1932) treated C. riuminiana as a form of C. circinalis, and segregated C. chamberlainii as C. circinalis subsp. riuminiana var. curranii forma chamberlainii.
Both Amoroso (1986) and Zamora and Co (1986) accepted C. chamberlainii as a distinct species, under a restricted circumscription including only the Mt Arayat collections, treating other material here regarded as conspecific as C. circinalis.
De Laubenfels and Adema (1998) treated C. chamberlainii as a synonym of C. riuminiana, and included material now known as C. falcata from Sulawesi, Indonesia, in a wide and unclear circumscription.
Distinguishing features: distinguished in the Philippines by the narrow leaflets with a midrib strongly raised above, long sharp cataphylls, and megasporophylls with up to 30 lateral spines 2-13 mm long and a distinct slender apical spine up to 32 mm long.
Distribution and habitat:
an inland species of forested areas on ridges and mountains, in closed mixed evergreen forests usually on steep slopes. Abundant on northern Luzon, south at least to Batangas (Fig. 1) . Seeds in wide circulation in horticultural circles in the 1990's as "Philippines small seed" apparently belong with this species. These were said to have come from Mindoro, but this has not been confirmed. The mature plants now in cultivation appear to differ slightly from C. riuminiana from Luzon (They are more robust with larger seeds), but would seem to fit within an overall range of variation. More field study is obviously required on Mindoro, but this is at present not possible. 
Cycas vespertilio
Inter species philippinenses combinatione characterum sequentium distinguitur: foliola lata, megasporophylla elongata ad apicem alata. Etymology: the specific epithet is from the Latin vespertilio, a bat, from vesper (evening), literally 'the little one of the evening' , in reference to the wing-like extensions on the megasporophyll apex.
Stems arborescent, to 1-3 m tall, 12-20 cm diam. at narrowest point; base not strongly swollen; bark thin with persistent cataphylls. Leaves bright green, glossy, 128-210 cm long, flat (not keeled) in section, with 93-117 leaflets tomentum shedding as leaf expands; petiole 46-52 cm long, shedding brown tomentum, spinescent for 90-100% of length; basal leaflets not gradually reducing to spines, 180-200 mm long. Median leaflets simple, not discolorous, keeled in transect, 270-290 mm long, 10-13 mm wide, narrowed to 2-3 mm at base, 10-14 mm apart on rachis; section flat; margins edged, or slightly recurved, undulate; apex acute, not spinescent; midrib raised above, raised below, narrow. Cataphylls broadly triangular, stiff, pilose, 55-60 mm long. Pollen cones not seen. Megasporophylls 17-19 cm long, cream-tomentose, tomentum not shedding; ovules 6-7, glabrous; lamina rhomboid, winged, 160-180 mm long, 32-35 mm wide, lateral spines 2, broad, flattened & wing-like; apical spine distinct from lateral spines, 35-38 mm long, 3-5 mm wide at base. Seeds obovoid, c.36 mm long, 27 mm wide; fibrous layer absent; sclerotesta smooth; spongy endotesta present, thin (see discussion under C. zambalensis). Fig. 4 . Distribution and habitat: Philippines, hill forests of Panay, Negros, Cebu, Leyte, Samar and southernmost Luzon (Fig. 1) . Seasonally deciduous forest with Pterocarpus indicus and bamboo. Yellow clay overlying sandstone or volcanic cinders. Southwest facing slopes sometimes in full sun but more often in shaded situations. 
Illustrations: Madulid & Agoo (2005).
Etymology: the specific epithet refers to the name of the locality, Zambales, where this population is located.
Stems arborescent, to 3 m tall, 15 cm diam. at narrowest point; base not strongly swollen. Leaves dark green, semiglossy, 100-190 cm long, keeled in section (opposing leaflets inserted at less than 180° on rachis), with 99-260 leaflets, with brownish tomentum not shedding as leaf expands; petiole 30-44 cm long ( 25-33% of total leaf), tomentose, spinescent for 60-80% of length; basal leaflets not gradually reducing to spines, 130 mm long. Median leaflets simple, 120-260 mm long, 5-8 mm wide, 5-10 mm apart on rachis; narrowed to 2.5 mm at base, margin straight; midrib flat above, raised below. Cataphylls narrowly triangular, needle-like, 60-70 mm long, stiff, pilose. Pollen cones brownish orange, ovoid to long ovoid, tapering, to 36 cm long, to 18 cm diam.; microsporophyll lamina firm, not dorsiventrally thickened, 30-50 mm long, 10-30 mm wide; apical spine prominent, sharply upturned or gradually raised, 5-25 mm long. Megasporophylls 22-35 cm long, densely brown-tomentose, tomentum persistent; ovules 4-6, glabrous; lamina ovate or lanceolate, 70-80 mm long, 40-50 mm wide, shallowly pectinate, with 20-34 pungent lateral spines 6-14 mm long, c. 1 mm wide; apical spine distinct from lateral spines, 30-35 mm long, 5-7 mm wide. Seeds flattenedovoid, to 43 mm long, to 36 mm wide; sarcotesta yellow, not pruinose; fibrous layer absent; sclerotesta smooth; spongy endotesta present, thin.
Historical notes: this endemic species was discovered and described in 2005.
Distinguishing features: the species is easily distinguished from the other Philippine Cycas in having tomentose pinnae and rachis. The pinnae of C. zambalensis are also rigid and stiff, and the leaves are keeled. Based on these characteristics, the young individuals of C. zambalensis resemble C. revoluta, a common ornamental plant in the country.
Cycas zambalensis is very similar to C. riuminiana (syn: C. chamberlainii), also found in the Philippines, in having long petioles (at least 25 cm) and very woolly megasporophylls. The species differs from C. riuminiana in having narrower pinnae, longer than wide sterile apex of the megasporophyll, larger apical spine on the megasporophyll, persistently lanate megasporophylls, and tomentose leaflets and rachis. The hairs persist even in dried specimens. The pinnae are short, rigid and stiff, and the leaves are keeled. The seeds are slightly flattened.
A spongy endotesta was observed in one cultivated individual (Fernando 1605) . This might represent present or past hybridization with subsection Rumphiae either in the ancestry of this group or this plant.
Distribution and habitat: San Antonio, Kawag, Bucao, Zambales, NW Luzon. Endemic (Fig. 1 ).
Cycas zambalensis is restricted to the ultrabasic grassy hills of Zambales, a distinct biogeographic region in the western part of Luzon Island. The plants are usually scattered wide apart on the hillsides and do not form distinct groups. Plants grow fully exposed to the sun and strong wind near the sea.
The population dominates the seasonally dry, hilly grasslands of the Zambales Peninsula, which is distinct from the lowland evergreen rain forests of the BataanZambales mountain range. The soils in the area are ultramafic and rich in chromite deposits. There are two pronounced seasons in the province: the dry season which is from November to April and the wet season for the rest of the year. Maximum rainfall occurs from June to September which coincides with the southwest monsoon.
Conservation Status: the very limited distribution of C. zambalensis, changing land use of the habitat of the species, and increasing pressure from collection for the horticultural trade are serious threats to the species. It is considered a critically endangered species. The effect of occasional fire to the population has yet to be evaluated. Recommended Ver 3.1:IUCN(2001) status would be CR (Madulid & Agooo 2005 Historical notes: known since the earliest accounts of the Philippine flora, this species was only described by de Laubenfels and Adema in 1998. This taxon has been included in C. rumphii by numerous authors, starting with Kurz in (1877), with the exception of Foxworthy (1911) and Merrill (1912 Merrill ( , 1918 Merrill ( , 1921 as C. circinalis. Schuster (1932) described it as C. circinalis subsp. riuminiana var. curranii forma maritima.
Hill recognised this as a distict taxon in 1995 (Hill 1998) and formally described the taxon as C. litoralis in April 1999. De Laubenfels had already described this taxon as C. edentata, published in 1998 but with a confused circumscription that included C. glauca, C. rumphii and others.
Distinguishing features: very highly glossy leaves; long spines on microsporophyll tips, no or rudimentary teeth on megasporophyll tips, spongy endotesta in seed.
Distribution and habitat: usually in littoral forests or on beachfronts, widespread and locally common in much of south-east Asia (Fig. 1 ).
Conservation status: this species occurs in coastal sites that have experienced severe pressures from population increase and development. This habitat is also coming under increasing pressure for aquaculture sites. Although probably not immediately threatened, it is potentially vulnerable in the longer term. Ver 3.1:IUCN (2001) Distinguishing features: very highly glossy leaves; small male cones, long spines on microsporophyll tips, distinct teeth on megasporophyll tips, spongy endotesta in seed.
Distribution and habitat:
Philippines only, usually in littoral forests on the north and east of Luzon island (Fig. 1 ). 
